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according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 4 sheets. 

I X I It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which tt was filed, unless otherwise indicated under this item. 



□ 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 



b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 
I I contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readble form. 



2. 
3. 



□ 
□ 
□ 
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□ 



□ 
□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of Invention Is lacking (see Box II). 



With regard to the title, 

I I the text is approved as submitted by the applicant. 

pT] the text has been established by this Authority to read as follows: 

BENEFICIATION OF TITANIA SLAG BY OXIDATION AND REDUCTION TREATMENT 



5. With regard to the abstract, 

I I the text is approved as submitted by the applicant. 

nn the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may» 
' — ' within one month from the date of mailing of this international search report, submit comments to this Authority, 

6. The figure of the drawings to be published with the abstract is Figure No. 



I I as suggested by the applicant. [X] None of the figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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The abstract has to be changed as follows: 
Line 1, after "relates" insert "to". 
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US 3 739 061 A (STICKNEY W ET AL) 
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column 4, line 60 -column 6, line 42 
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"A- document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the intematlonal filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

"X" document of particular relevarKe: the claimed invention 
cannot be considered rwvel or cannot be considered to 
involve an inverrtive step when the document is taken alone 

"Y" document of particular relevarx;e; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 
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(PCT Article 36 and Rule 70) 



Applicant's or agenf s file reference 
PCT/1 999/011 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/IB99/01326 


International filing date (day/month/year) 
27/07/1999 


Priority date (day/month/yQar) 
29/07/1998 


International Patent Classification (IPC) or nal 
C22B34/12 


tional classification and IPC 


Applicant 

IPCOR N.V. Gt al. 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 5 sheets, including this cover sheet, 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 4 sheets. 



3. This report contains indications relating to the following items: 
I H Basis of the report 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


IS 



citations and explanations suporting such statement 



Certain observations on the international application 



Date of submission of the demand 
14/02/2000 



Date of completion of this report 

2 3. 08. 2000 



Name and malting address of the international 
preliminary examining authority: 

European Patent Office • P.B. 5818 Patentiaan 2 

NL-2280 HV Rijswijk - Pays Bas 
Tel. +31 70 340 - 2040 Tx: 31 651 epo nl 

Fax: +31 70 340 - 3016 



Authorized officer 
Bombeke, M 

Telephone No. +31 70 340 3576 




Form PCT/IPEA/409 {cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IB99/01 326 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as "originaily filed'' and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1 -27 as originally filed 

Claims, No.: 

1 -1 9 with telefax of 27/07/2000 

Drawings, sheets: 

1/3-3/3 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional obsen/ations, if necessary: 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IB99/01 326 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. 



Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1-18 
19 



Inventive step (IS) 



Yes 
No: 



Claims 
Claims 



1-18 
19 



Industrial applicability (lA) 



Yes 
No: 



Claims 
Claims 



1-19 



2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following obsen/ations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/IB99/01 326 
EXAMINATION REPORT - SEPARATE SHEET 



Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, Inventive step or 
industrial applicability; citations and explanations supporting such statement 

The document WO-A-9719199 is regarded as being the closest prior art to the subject- 
matter of independent process claims 1 and 6, and insofar as this claim can be under- 
stood (see Section VIII), this document shows the all the features thereof with the ex- 
ception that the oxidizing treatment is carried out at a temperature of above about 
950°C, preferably from 1000°C to 1 100°C. 

The subject-matter of claims 1 and 6 therefore differs from this known process in that 
the oxidizing treatment is performed in less harsh conditions at a temperature of from 
about 700°C and above but below about 950°C such that an anatase phase is allowed 
to stabilize in the titania slag and the iron present in the slag is allowed to concentrate 
at the exposed slag particles. 

The improvements obtained by the claimed novel process over WO-A-9719199 consist 
in the fact that titania slags wherein an anatase phase stabilizes during oxidation can 
be oxidized at lower temperatures and excellent upgrading to more than 90% Ti02 can 
still be achieved even with atmospheric pressure leaching, which may give rise to major 
cost savings. No hint is found in the prior art as to the suitability of lower oxidizing tem- 
peratures for improving the beneficiation ability of titania slags containing pseudo- 
brookite as major phase and glassy phases of impurity oxides. 

It follows that the subject-matter of claims 1-18 meets the criteria of Articles 33(2). 33(3) 
and 33(4) PCT in respect of novelty, inventive step and industrial applicability. 

For independent product-by-process claim 19: see section VIII. 
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INTERNATIONAL PRELIMINARY international application No. PCT/I B99/01 326 
EXAMINATION REPORT - SEPARATE SHEET 



Re Item VIH 

Certain observations on the international application 

Claims 1 and 6 do not meet the requirements of Article 6 PCT in that the matter for 
which protection is sought is not clearly defined. The claims attempt to define the 
subject-matter in terms of the result to be achieved ("allowing an anatase phase to 
stabilize .... allowing the iron to concentrate ...") which merely amounts to a statement 
of the underlying problem. The "additional" technical features necessary for achieving 
this result should have been added, e.g. the base composition of the titania slag and 
the oxygen concentration of the oxidizing atmosphere. 

Moreover the use of the vague term "about" is unsuitable to delimit the claimed oxidi- 
zing temperature range (upper limit) in an unambiguously clear manner over the 
process of WO-A-9719199. which teaches a similar temperature as lower limit and also 
gives rise to migration of the iron present in the slag to the slag/grain boundaries. 

In this connection the unclarity of the independent product-by-process claim 19, which 
does not comprise any particular product feature, is enhanced by the above obscurities 
to such an extent that the subject-matter of claim 19 not solely is indefinite (Article 6 
PCT) but is apparently even not novel (Article 33(2) PCT) by being not clearly distingui- 
shable from titania slags treated according to the process of WO-A-9719199. 



Form PCT/Separate Sheet/409 (Sheet 2) (EPO-Aprll 1997) 



# 




WO 00/06786 



PCT/IB99/0i3l 



CLAIMS 



A method of treating titania slag to increase the leachability of impurities from the slag 
comprising the steps of 

sizing the titania slag to a particle size from 75 to 850 )im; 

oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700°C and above but below about 950°C for at least 30 minutes allowing the iron present 
in the slag to concentrate at the exposed surfaces of the slag particles, allowing a major 
portion of the iron in the Fe(n) state to convert to the -Fe(III) state, and allowing the 
titanium in the Ti(ni) state to be converted to the Ti(IV) state; and 

reducing the oxidised slag in a reducing atmosphere from about 700°C to about 950°C for 
at least 5 minutes to convert a major portion of the iron in the Fe(in) state to the Fe(II) 
"State and without converting a substantial portion of the titanium in the Ti(IV) state to the 
Ti(m) state. 

A method of treating titania slag to increase the leachabiUty of impurities from the slag 
comprising the steps of 

sizing the titania slag to a particle size from 75 to 850 ^m; 

oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700 °C and above but below about 950^C for at least 30 minutes allowing an anatase 
phase to stabilise in the slag, allowing a major portion of the iron in the Fe(II) state to 
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convert to the Fe(III) state, and allowing the titanium in the Tiail) state to be converted 
to the Ti(IV) state; and 

reducing the oxidised slag in a reducing atmosphere from about 700°C to about 950°C for 
at least 5 minutes, to convert a major portion of the iron in the Fe(m) state to the Fe(II) 
state and without converting a substantial portion of the titanium in the Ti(rV) state to the 
Ti(in) state. 



The method of either one of claims 1 or 2 wherein the iron present in the slag 
concentrates at the exposed surfaces of the slag, and an anatase phase is allowed to 
stabilise in the slag when the slag is oxidised. 



The method of any one of the preceding claims wherein the oxidation is carried out at a 
temperature from about 750°C and above but below about 900°C. 



The method of claim 4 wherein the oxidation is carried out at a temperature from about 
SOCC to about 875°C. 



The method of any one of the preceding claims wherein more than 90% of the iron in the 
FeCn) state is converted to the Fe(m) state during oxidising of the sla^^. 
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7. The method of any one of the preceding claims wherein substantially all the iron in the 
Fe(II) state is converted to the Fe(III) state during oxidising of the slag. 

8. A method of beneficiating titania slag to increase the Ti02 content thereof comprising the 
steps of: 

• sizing the titania slag to a particle size from 75 to 850 |im; 

• oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700''C and above but below about PSC'C for at least 30 minutes allowing the iron present 
in the slag to concentrate at the exposed surfaces of the slag particles, allowing a major 
portion of the iron in the Fe(II) state to convert to the Fe(ni) state, and allowing the 
titanium in the Ti(in) state to be converted to the Ti(TV) state; 

• reducing the oxidised slag in a reducing atmosphere from about 700°C to about 950°C for 
at least 5 minutes to convert a major portion of the iron in the Fe(in) state to the Fe(II) 
state and without converting a substantial portion of the titanium in the Ti(IV) state to the 
Ti(ni) state; and 

• leaching the reduced slag with acid to obtain a beneficiated slag product with an increased 
TiOz content and leach liquor containing the leached impurities. 

9. A method of beneficiating titania slag to increase the Ti02 content thereof comprising the 
steps of: 

• sizing the titania slag to a particle size from 75 to 850 \im; 
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oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700*^0 and above but below about 950°C for at least 30 minutes, allowing an anatase 
phase to stabilise in the slag, allowing a major portion of the iron in the Fe(n) state to 
convert to the Fe(in) state, and allowing the titanium in the Ti(III) state to be converted 



• reducing the oxidised slag in a reducing atmosphere from about 700''C to about 950°C for 
at least 5 minutes to convert a substantial portion of the iron in the Fe(III) state to the 
Fe(II) state and without converting a substantial portion of the titanium in the Ti(IV) state 
to the Ti(ni) state; and 

• leaching the reduced slag with acid to obtain a beneficiated slag product with an increased 
Ti02 content and leach liquor containing the leached impurities. 

10. The method of either one of claims 8 or 9 wherein the leaching is conducted under 
pressure in excess of atmospheric pressure. 



IL The method of either one of claims 8 or 9 wherein the leaching is conducted at 
atmospheric pressure. 

12. The method of any one of claims 8 to 1 1 wherein the acid used in the leaching step is 



5 



to the TiCrV) state; 



15 



20 



heated. 



wo 00/06786 PCTAB99/01326 

13. The method of any one of claims S to 12 wherein the acid used in the leaching step 
comprises hydrochloric acid. 



14. The method of any one of claims 8 to 13 which includes a caustic leaching step after the 
5 acid leaching step. 



15. The method of any one of claims 8 to 14 which includes a step of calcining the treated 
slag. 



10 16. The method of claim 15 wherein the treated slag is washed and dried to remove volatile 
by products .prior to the calcining step. 

17. The method of either one of claims 15 or 16 wherein the calcined slag is subjected to a 
magnetic separation procedure. 

15 

18. The method of any one of claims 8 to 17 wherein the iron present in the slag concentrates 
at the exposed surfaces of the slag, and an anatase phase is allowed to stabilise in the slag 
when the slag is oxidised. 
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19, The method of any one of claims 8 to 18 wherein the oxidation is carried out at a 
temperature from about 750^*0 and above but below about 900**C. 



20. The method of claim 19 wherein the oxidation is carried out at a temperature from about 
800°C to about 875**C. 

2 1 . The method of any one of claims 8 to 20 wherein more than 90% of the iron in the Fe(II) 
state is converted to the Fe(III) state during oxidising of the slag. 

22. The method of any one of clauns 8 to 21 wherein substantially all the iron in the Fe(II) 
state is converted to the Fe(in) state during oxidising of the slag. 

23. A product when formed by a method of any one of the preceding claims. 
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(57) Abstract 



This invention relates to a method of treating titania slag to increase the leachability of impurities from the slag comprising the steps 
of sizing the titania slag to a particle size from 75 to 850 /Am; oxidising the sized slag particles at a temperature from about 700 **C and 
above but below about 950 ^C allowing the iron present in the slag to concentrate at the exposed surfaces of the slag particles and/or 
allowing an anatase phase to stabilise in the slag, allowing a major portion of the iron in the Fe(II) state to convert to the Fe(IIl) state, 
and allowing the titanium in the Ti(III) state to be converted to the Ti(IV) state; and reducing the oxidised slag in a reducing atmosphere 
from about 700 *'C to about 950 '*C to convert a major portion of the iron in the Fe(III) state to the Fe(II) state and without converting a 
substantial portion of the titanium in the Ti(IV) state to the Ti(III) state. The invention also relates to a method of benificiating titania slag 
to increase the TiOa content thereof wherein the above treated slag is leached with acid. 
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BENEFICATION OF TITANIA SLAG BY OXIDATION 
AND REDUCTION TREATMENT 

1 . Field of the Invention 

This invention relates to a method of beneficiating titania slag to a high grade titanium 
dioxide (Ti02) product. Preferably the product is suitable for use as a feedstock in titanium 
5 dioxide pigment production or titanium metal production by means of the chloride process. 
The invention also relates to a process for preparing intermediate products suitable for use in 
the beneficiation of titania slag and also to intermediate products and final products formed by 
the processes. 

More particularly the process of the present invention includes the steps of sizing the slag; 
10 oxidising the sized slag and then reducing the oxidised slag. The treated slag may then be 
subjected to steps such as acid leaching. 

2. Background of the Invention 

Commercial uses of Ti02 

Titanium is widely known for its use as a metal, but the primary use of titanium is in the form 
15 of titanium dioxide (TiOa). TiOa is used as a white pigment in paints, plastics and paper. 
Two types of pigment with a tetragonal crystal structure are produced, namely rutile and 
anatase. Rutile is preferred in outdoor paints and anatase is preferred in indoor paints. 
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Ti02 pigment production 

There are two commercial processes for the production of TiOi pigment namely, the sulphate 
process and the chloride process. A sulphate process plant is easier to operate and monitor 
than a chloride process plant, and is capable of using feedstock with a relatively low TiOa 
5 content. However, capital costs of a modem sulphate process plant can be higher than that of 
a chloride process plant of the same pigment capacity. Furthermore there is a higher volume 
of waste products to be treated and disposed of due to the use of more impure feedstock and 
the fact that the sulphate used in the process cannot be easily recovered and recycled. 

Accordingly the chloride process is a more popular process and is growing in popularity. The 
10 feedstock suitable for use in the chloride process usually need to have a high Ti02 content and 
need to contain fewer impurities than those suitable for the sulphate process. 

Ti02 bearing deposits 

TiOj is commonly found in nature in the form of ilmenite (FeO. Ti02) which contains from 
40% to 80% Ti02. Most deposits being mined produce concentrates with a Ti02 content 

15 between 45% and 67%. Rutile deposits are far more scarce than ilmenite and they contain 
about 95% Ti02 in crystaUine form and are therefore of sufficient quality to be used directly 
in the chloride process for TiOa pigment production. Deposits of anatase have been 
discovered but have not yet been conmiercially exploited. Anatase typically has a Ti02 
content in excess of 95%. Leucoxene, a weathered form of ihnenite, contains up to 85% 

20 Ti02 and is exploited on a limited commercial scale. Brookite (rhombic TiOa), perovskite, 
(CaTi02), sphene (CaTiSiOs) and geikielite (MgTiOa) also contain titanium. 



2 
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Beneficiation of ilmenite 

Although natural rutile is suitable for use as a feedstock in the chloride process, the ever- 
decreasing availability of natural rutile forced chloride process pigment producers to consider 
other lower grade feedstock. One such alternative is naturally occurring ihnenite. Due to its 
relatively low Ti02 content several processes have as their aun the upgrading of the TiOi 
content of ilmenite. 

These processes include: 

i) Partial reduction of the iron in the ilmenite. 

This process is described in US patents 4,038,364 and 4,199,552. In this process 
ihnenite is reduced at elevated temperatures to convert iron in the ferric state, 
(Fe(in)), to the ferrous state, (Fe(II)). This renders the iron more amenable to acid 
leaching of the ilmenite during upgrading of the ihnenite. 

ii) Pre-oxidation followed by partial reduction of the iron in the ilmenite. 

In a process described in GB 1,225,826 the ilmenite is subjected to an oxidation 
treatment to convert substantially all the iron to the ferric state. The ore is then 
reduced to convert the iron back to the ferrous state and metallic state. In the 
examples of the patent the oxidation is carried out at 870°C for two hours. The 
reduction is carried out at 870°C for five minutes. The ore exhibits the original X- 
ray diffraction pattern of ilmenite after treatment but is more amenable to acid 
leaching to upgrade the ilmenite. 
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iii) Pre - oxidation followed by reduction of the iron to metallic state. 

US patent 4,097,574 describes a process whereby ilmenite is subjected to an 
oxidation treatment to convert the iron in the ilmenite to the ferric state. Reduction 
treatment is then carried out to reduce the iron to metallic iron. The iron is then 
5 removed by leaching thereby to upgrade the ilmenite. 

iv) Smelting of the ore. 

Ilmenite ore can also be smelted in the presence of a carbonaceous reducing agent in 
an electric arc furnace. This process is described in US patent 2,680,681. Two 
saleable products result from this namely, high quality pig iron and titania rich slag. 
10 The slag typically contains 80 - 85% Ti02. 

Differences between ilmenite ore and titania slag 

All of the processes listed above are aimed at beneficiating ilmenite or similar titanium ores. 
None of these processes were applied to titania slag and there are certain fundamental 
differences between ilmenite ore and titania slag. 

15 i) The first difference is that ilmenite is a naturally occurring titanium bearing ore, 
while titania slag is produced by electro-smelting of ilmenite in an electric arc 
fiimace. 

ii) The second difference can be foimd in the amount of the main components that are 
present. Ilmenite typically contains aroimd 50% titanium oxide and aroimd 45% iron 
20 oxide. All the titanium is present as Ti(rV) while around 20% of the iron occurs as 

Fe(ni) and the rest is in the Fe(II) state. Titania slag typically contains around 85% 
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titanium oxide and around 10% iron oxide. In this instance the titanium is in the 
Ti(in) and the Ti(IV) state, while most of the iron is present as Fe(II). 

iii) The third difference Hes in the respective mineralogical compositions. In ilmenite 
concentrates the iron and the titanium is organised into hexagonal ilmenite crystals. 
5 As-cast titania slag consists of the following four phases: 

a) The most abundant phase is a crystalline phase, known as pseudobrookite or 
the M3O5 phase. This phase is a solid solution of iron oxide and titanium 
oxide, with the end members being (Ti,Fe,Al,Cr,V)203.Ti02 and 
(Mg,Mn,Fe)0.2Ti02 and can accommodate the main oxidation states of iron 

10 and titanium in its structure, namely Fe(II), Fe(m), Ti(III) and Ti(IV); 

b) Rutile (TiOi) although not always present in such quantities that allows 
detection thereof by X-ray diffraction analysis; 

c) An amorphous, glassy phase consisting mainly of SiOa, TiOa, FeO, CaO and 
Al203and; 

15 d) Finely disseminated metallic iron globules present in the grain boundaries of 

the rutile crystals and in the silicate-rich glassy matrix. 

The pseudobrookite and amorphous glassy phases are characteristic of titania slag and 
generally do not occur in ilmenite ores. The presence of pseudobrookite and the glassy 
phases in titania slag may be one of the causes that the processes for beneficiating ilmenite 
20 ore are in some cases not applicable to the beneficiation of titania slag. The different 
compositions of slags may also play a role. 
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Beneficiation of titania slag 

Several known processes have as their aim the upgrading of the Ti02 content of titania slag. 
These processes can be classified as follows: 



A process is described in US patents 4,629,607; 4,933,153; 5,063,032 and 5,384,355 
to upgrade titania slag containing at least one alkaline earth impurity. Firstly the slag 
is preheated in a fluidised bed reactor in an atmosphere void of oxygen to prevent the 
oxidation of the Ti(ni) present in the slag to Ti(IV). The slag is then contacted with 
hydrogen chloride gas. This results in the formation of iron and alkaline earth 
chlorides in the slag. Finally the chlorides that formed during the chlorination 
treatment are leached with either water or hydrochloric acid. 

ii) Salt roasting 

In US patent 4,038,363 a process for the upgrading of slag is described. The process 
consists of a roast procedure in the presence of an alkaline salt such as sodium 
chloride. After the roast procedure the agglomerates that have formed are dispersed 
with wet grinding. Thereafter the slag is subjected to leaching in either water or a 
sulphuric acid solution. 

iii) Fluxing of the impurities 

Titania slag can also be upgraded by heating the slag in the presence of a glass 
forming fluxing agent such as phosphorus pentoxide as is described in US patent 
3,996,332. According to South Afiican patent 93/5922 other glass forming agents 
such as the oxides of sodium, potassiimi, silicon etc. can also be used. After the 
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fluxing procedure the slag consists of a crystalline rutile phase and a glassy phase 
that contains most of the impurities present in the slag. Finally the slag is subjected 
to leaching in a mineral acid to remove the glass phase and associated impurities. 

iv) Sulphatising 

5 US patent 4,362,557 describes a process where the Ti02 content of titania slag is 

increased in a two stage procedure. Firstly the slag is mixed with an alkahne salt 
such as sodium carbonate and reacted with either SO3 or mixtures of SO2 and O2 at 
700 to 1 100*^C. Secondly the sulphates that fomied during the roasting are leached 
with either water or hydrochloric acid at room temperature. 

1 0 v) Oxidation-reduction roasting 

The process described in patent application PCT/CA96/00767 has as its basis an 
oxidation roast followed by a reduction roast. The slag is first sized in the range 75- 
850 Jim and is then oxidised at a temperature of at least about 950°C, but preferably 
between 1000 and 1 100°C, for at least 20 minutes. The oxidation procedure converts 

15 the Fe(n) and Ti(in) present in the slag to Fe(III) and Ti(IV) respectively and aims to 

decompose the glassy phase. After the oxidation the slag is reduced at a temperature 
of at least about 700°C, but preferably between 800 and 850°C, for at least 30 
minutes, but preferably for a period of 1,5 to 2 hours, to convert the Fe(III) in the 
slag back to Fe(II). A MgO rich ihnenite-geikielite solid solution forms during the 

20 process, which is more amenable to leaching than the original phases present in the 

slag. The roasted titania slag is then leached under pressure in excess of atmospheric 
pressure and at a temperature of at least 125*^C to remove the impurities present in 
the slag. 
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Patent application PCT/CA96/00767 referred to in the above paragraph also stresses 
the differences between the treatment of ilmenite and titania slag. In example 12 the 
apphcation illustrates that the process of GB 1,225,826 relating to the treatment of 
ilmenite (as discussed above) is not suitable when applied to titania slag. As in the 
case of the process of PCT/CA96/00767, the process of GB 1,225,826 includes an 
oxidation and subsequent reduction treatment. However, negligible removal of 
impurities are achieved when the process of GB 1,225,826 is applied to slag, that is 
by oxidising the slag with air at 850''C for 2 hours and then reducing it with smelter 
gas at 850''C for 5 minutes and thereafter leaching the resulting product with a 
hydrochloric acid solution under reflux conditions. Even if the process is modified 
by carrying out the oxidation at gOO^'C for 1 hour and the reduction at 900°C for 30 
minutes (as set out in example 13 of PCT/CA96/00767) very poor results are 
achieved. 

Patent application PCT/CA96/00767 teaches that the titania slag requires a pre- 
treatment within an xmexpected window of process conditions to render it suitable for 
acid leaching. The patent describes much harsher oxidation, reduction and acid 
leaching steps for slag than the conditions for ilmenite as disclosed in the related 
process of GB 1,225,826. 

Most surprising it has now been found that if titania slag is oxidised at a lower 
temperature than that described in patent application PCT/CA96/00767 imder the 
correct conditions and thereafter reduced and fiirther treated, the slag can be suitably 
upgraded. In some embodiments of the invention it is not necessary to carry out the 
leaching at above atmospheric pressure. Leaching at a pressure above atmospheric 
pressure is required in the process of PCT/CA96/00767. It will be appreciated that 
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even if leaching at above atmospheric pressure may not be necessary for the 
successful beneficiation of titania slag according to the invention, the process will 
also function if acid leaching is carried out at above atmospheric pressure. 

Patent application PCT/CA96/00767 teaches that during that process the iron cations 
tend to concentrate aroimd pores formed in the slag particles which will render them 
more accessible to leaching. It is believed that if the oxidation step is carried out at 
lower temperatures as disclosed for the present invention the iron in the slag particles 
surprisingly migrates to the rims of the slag particles. It is believed that such slag 
particles undergo rapid reduction roasting and that such slag particles are more 
amenable to acid leaching which allows leaching to be conducted at atmospheric 
pressure. 

3. Summary of the Invention 

According to the present invention a method of treating titania slag to increase the leachability 
of the slag comprises the steps of 

• sizing the titania slag to a particle size from 75 to 850 p.m; 

• oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700''C and above but below about 950°C for at least 30 minutes allowing the iron present 
in the slag to concentrate at the exposed surfaces of the slag particles, allowing a major 
portion of the iron in the Fe(II) state to convert to the Fe(III) state, and allowing the 
titanium in the Ti(ni) state to be converted to the Ti(IV) state; and 

• reducing the oxidised slag in a reducing atmosphere from about 700°C to about 950°C for 
at least 5 minutes to convert a major portion of the iron in the Fe(in) state to the Fe(II) 
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State and without converting a substantial amount of the titanium in the Ti(IV) state to the 
Ti(III) state. 

According to another aspect of the present invention a method of treating titania slag to 
increase the leachability of the slag comprises the steps of 

• sizing the titania slag to a particle size jfrom 75 to 850 jim; 

• oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700 °C and above but below about 950''C for at least 30 minutes allowing an anatase 
phase to stabilise in the slag, allowing a major portion of the iron in the Fe(II) state to 
convert to the Fe(III) state, and allowing the titanium in the Ti(III) state to be converted 
to the Ti(IV) state; and 

• reducing the oxidised slag in a reducing atmosphere from about 700°C to about 950°C for 
at least 5 minutes, to convert a major portion of the iron in the Fe(III) state to the Fe(II) 
state and without converting a substantial amount of the titanium in the Ti(IV) state to the 
Ti(in) state. 

The titania slag includes a pseudobrookite phase and a glassy phase. The glassy phase may 
consist mainly of Si02, Ti02, FeO and AI2O3. 

The titania slag may contain titanium oxide and impurities including at least one compound 
selected from the group consisting of iron oxide, silicon oxide, aluminium oxide, alkaline 
earth oxide, manganese oxide, chromium oxide and vanadium oxide. The titanium oxide and 
impurities may be provided in a pseudobrookite phase and a glassy phase. The alkaline earth 
oxide may comprise calcium oxide and/or magnesium oxide. 
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The titania slag is preferably crushed and preferably to a particle range of above 106 jim up to 
850 nm. 

During the oxidation step the iron present in the slag preferably concentrates at the exposed 
surfaces of the slag, and an anatase phase is allowed to stabilise in the slag. 

5 The oxidation is preferably carried out at a temperature from about TSC^C and above but 
preferably belov^^ about 900°C and more preferably it is carried out at a temperature from 
about 800^C to about 875°C. 

The oxidation is carried out for longer than 30 minutes. Preferably it is carried out for a 
period of about 2 hoiirs. 

10 The oxidation is preferably carried out in a fluidised bed reactor. 

The oxidising atmosphere may comprise oxygen diluted by an inert gas (preferably a mixture 
of CO2 and N2) containing at least 2% oxygen by volume. More preferably the atmosphere 
results from the combustion of a carbonaceous fiiel with excess air. Most preferably the 
oxidising atmosphere contains between 4% and 8% oxygen by volume. 

15 Preferably more than 60%, preferably more than 75%, more preferably more than 90% and 
most preferably substantially all the iron in the Fe(II) state is converted to the Fe(ni) state 
during oxidising of the slag. The reduction is preferably carried out at a temperature between 
about 800°C and about 875°C. 

The reduction is preferably carried out in a fluidised bed reactor. 

20 The reducing atmosphere may be supplied by any one of the follov^ng reducing agents: 
carbon monoxide gas, hydrogen gas, gases such as reformed natural gas and smelter off gas 
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and mixtures between these gases. More preferably the reducing atmosphere is supplied by 
the products resulting from combustion of coal. 

The reduction is preferably carried out for a period of longer than 10 minutes and less than 1 
hour. More preferably it is carried out for a period of 20 minutes. 



Preferably more than 60%, preferably more than 75%, more preferably more than 90% and 
most preferably substantially all iron in the Fe(ni) state is converted to the Fe(II) state during 
reduction. 

Preferably less than 90%, more preferably less than 95% and most preferably none of the 
titanium in the Ti(rV) state is converted to the Ti(in) state during reduction. 

According to another aspect of the invention there is provided a method of beneficiating 
titania slag to increase the TiOa content thereof comprising the steps of: 

• sizing the titania slag to a particle size from 75 to 850 |J.m; 

• oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700°C and above but below about 950°C for at least 30 minutes allowing the iron present 
in the slag to concentrate at the exposed surfaces of the slag particles, allowing a major 
portion of the iron in the Fe(n) state to convert to the Fe(in) state, and allowing the 
titaniiun in the Ti(in) state to be converted to the Ti(IV) state; 

• reducing the oxidised slag in a reducing atmosphere from about 700°C to about 950^C for 
at least 5 minutes to convert a major portion of the iron in the Fe(ni) state to the Fe(II) 
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State and without converting a substantial amount of the titanium in the Ti(IV) state to the 
Ti(III) state; and 

• leaching the reduced slag with acid to obtain a beneficiated slag product with an increased 
Ti02 content and leach liquor containing the leached impurities. 

According to another aspect of the invention there is provided a method of beneficiating 
titania slag to increase the Ti02 content thereof comprising the steps of: 

• sizing the titania slag to a particle size from 75 to 850 ^im; 

• oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700''C and above but below about 950*^0 for at least 30 minutes, allowing an anatase 
phase to stabilise in the slag, allovmig a major portion of the iron in the Fe(n) state to 
convert to the Fe(in) state, and allowing the titanium in the Ti(III) state to be converted 
to the Ti(IV) state; 

• reducing the oxidised slag in a reducing atmosphere from about 700°C to about 950''C for 
at least 5 minutes to convert a major portion of the iron in the Fe(III) state to the Fe(II) 
state and without converting a substantial amount of the titanium in the Ti(IV) state to the 
Ti(III) state; and 

• leaching the reduced slag with acid to obtain a beneficiated slag product with an increased 
Ti02 content and leach liquor containing the leached impurities. 

The leaching may be conducted under pressure in excess of atmospheric pressure. 
Alternatively the leaching may be conducted at atmospheric pressure. Alternatively, a 
combination of atmospheric and pressure leaching may be used. 
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The acid may be heated and preferably the acid is heated to the boiling point of the acid. 

The acid may comprise a mineral acid and preferably it comprises sulphuric acid or 
hydrochloric acid, more preferably hydrochloric acid. 

The acid may be present in at least a 10% stoichiometric excess of what is needed to convert 
5 leachable oxides and alkaline impurities to soluble chlorides. 

The acid leaching may be done in one or more stages. If more than one stage is used then the 
leaching may be done in co-current or counter-current mode. 

The leaching may be done in batch or continuous mode. 

The method of beneficiating titania slag may optionally include a caustic leaching step after 
10 the acid leaching step. 

Optionally the method includes calcination of the treated slag. Prior to calcining the treated 
slag it may be washed and it may be dried to remove volatile by-products. The drying step 
may be carried out at a temperature above lOO^'C. 

The calcination may be carried out by heating the product between 600°C and 900°C for more 
1 5 than 30 minutes. 

The method may also include an additional step of subjecting the calcined slag to a magnetic 
separation procedure. 

The methods of beneficiating the titania slag is preferably performed to form beneficiated 
titania slag suitable for use as a feedstock for the chloride process of Ti02 pigment 
20 production. 

14 
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The beneficiated titania slag may contain at least 90% by weight, preferably at least 94% by 
weight of titanium dioxide. Preferably it contains less than 1,5%, preferably less than 1% by 
weight of magnesium oxide. Preferably it contains less than 0,4% by weight of calcium 
oxide. 

The invention also relates to products formed by the methods described herein above. 

According to another aspect of the invention there is provided treated titania slag containing 
rutile, anatase and pseudobrookite. 

According to yet another aspect of the present invention there is provided treated titania slag 
including rutile, anatase, ilmenite and pseudobrookite. 

4. Brief Description of the Drawings 

Preferred embodiments of the invention will now be described by way of example only and 
with reference to the accompanying drawings wherein: 

Figure 1 is a X-ray diffraction pattern of as-cast titania slag; 

Figure 2 is a X-ray diffraction pattern of oxidised titania slag; 

Figure 3 is a X-ray diffraction pattern of oxidised and reduced titania slag; 

Figure 4 is a X-ray diffraction pattern of oxidised and reduced titania slag after 



leaching; and 



Figure 5 



is a chemical composition profile through a titania slag particle oxidised for 



1 hour at 850*^0 in 8% oxygen. 
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Detailed Description of the Invention 

As described above titania slag is formed by smelting ilmenite ore in an electric arc fiimace to 
5 form pig iron and titania rich slag. The titania rich slag is cast in a molten state into ladles 
whereby solid blocks are produced ranging from a few tons to as much as forty tons. Titania 
slag mainly consists of a pseudobrookite solid solution phase also known as the M3O5 solid 
solution. The solid solution phase with general formula (Fe^"*^, Mg^"^, Mn^^, Ti"^^, Ti^^)3 O5 
contains iron in the Fe(n) state, titanium in the Ti(in) and (IV) states. Potentially it can also 

10 contain iron in the Fe(in) state but then titaniimi in the Ti(III) state will not be present. 
Chemically the M3O5 phase contams 81 to 91% TiOa and between 5% and 13% FeO. The 
M3O5 phase occurs as fine to coarse grained, angular to sub-rounded greyish coloured 
particles with a smooth appearance. Small amounts of a silicate-rich glass can also be found, 
situated at the grain-and crystal boundaries of the individual M3O5 crystals. This glass 

15 contains a second silicate-enriched glass. The silicate-enriched glassy phase has a smooth 
appearance and contains finely disseminated metallic iron spheroids and droplets. The major 
glassy phase is fine crystalline, containing fine needle-like titanium oxide crystallites as well 
as fine metallic iron particles and coarser-grained "globules". The larger metallic "globules" 
are characterised by an iron sulphide-containing outer rim. In most instances the slag may 

20 also contain small emiounts of rutile. 

Table 1 shows the chemical composition of a typical titania slag that is used as feedstock to 
the process described in this invention. This table shows that the main impurity present in the 
slag is iron, 
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Table 1. Chemical composition of a typical titania slag, in mass percentage, used as 
feedstock to the process described in the current invention. 



Fe" 


FeO 


FeiOa 


TijOa 






AI2O3 


CaO 


MgO 


MnO 


Cr^Oa 


V2O5 


0.21 


7.65 


<0.1 


34.20 


50.70 


1.64 


0.99 


0.31 


1.42 


1.32 


0.15 


0.41 



A typical X-ray diffraction pattern of the titania slag feedstock is presented in Figure 1. This 
shows: i) a main pseudobrookite peak (P) taken at a d-spacing of 3.483A to 3.52A and a 29 
angle from 25.553° to 25.280° for Cu Ka radiation. In this specific instance rutile is present, 
and exhibits a main peak (r) taken at a d-spacing of 3.247A and a 2G angle of 27.445° for Cu 
Ka radiation. In other cases rutile is not always present. 



The slag is not amenable to acid leaching for removing impurities to form a TiOi rich 
upgraded slag. Accordingly the slag requires pre-treatment to render it amenable to acid 
leaching. The beneficiation process of titania slag accordingly includes the following steps:- 

Crushing and sizing the titania slag 

The blocks of titania slag are crushed and sized using conventional methods and preferably 
the slag is sized in the +106-850 ^m particle size range which is acceptable in the chloride 
process for Ti02 pigment production. 

Oxidation of the sized titania slag 

The crushing and sizing of the titania slag is followed by an oxidation procedure. This is 
conducted by reacting the sized slag at a temperature between 700°C and 950°C, preferably 
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between 800°C and SIS^'C with an oxidising atmosphere for 14 to 4 hours. A fluid bed reactor 
is preferred for this procedure, while the oxidising gas is preferably oxygen diluted by an inert 
gas (such as N2) to levels containing between 2% and 12%02. 

An optical microscopic investigation conducted on polished blocks of the oxidised samples 
5 revealed that major changes in the general appearance, as well as mineralogical composition 
of the as-cast slag occurred during the oxidation process. Pores formed and slag particles lost 
their "smooth" appearance to become zoned. Some of the larger particles had unoxidized 
M3O5 cores surrounded by a Ti02-rich intermediate zone. Most of the smaller particles were 
transformed to Ti02. The TiOa phases that formed were a mixture of anatase and rutile. On 

10 the outside edges of all the particles were iron-enriched, slightly porous marginal zones. 
Figure 5 provides evidence of the iron enriched outside edge. Limited iron migration towards 
the edges of cracks also occurred. Inside the xmoxidized M3O5 cores of the slag particles fine 
metallic iron particle, situated at the edges of fine cracks extending through the slag particles, 
could be observed. Most of the iron is converted to the Fe(III) state and all of the titanium is 

15 present in the Ti(IV) state. 

An advantage of segregation of iron towards the outer surface of the slag particles include 
rapid reduction roasting and ready access of the impurities to the leach solution and their rapid 
selective leaching. 

Figure 2 shows a typical X-ray diffraction pattern for titania slag after it was subjected to the 
20 oxidation procedure. This shows: 

i) a main rutile peak (r) at a d-spacing of 3.247A and a 29 angle of 27.445° for Cu Ka 

radiation; 
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ii) a main anatase peak (a) taken at a d-spacing of 3.52A and a 29 angle of 25.279^ for 
Cu Ka radiation; and 

iii) a minor pseudobrookite peak (P) taken at a d-spacing of 3.483A to 3.497A and a 26 
angle from 25.553^ to 25.449° for Cu Ka radiation. 



Reduction of the oxidised titania slag 

The next step is to reduce the oxidised slag. This is conducted by contacting the oxidised slag 
particles with a reducing agent at a temperature from about 700''C to about 950''C, preferably 
between about 800*^0 and about 875°C, preferably in a fluidised bed reactor. The reduction is 
carried out for a period of at least 20 minutes. 

The reducing agent may comprise any suitable conventional reducing agent such as carbon 
monoxide, hydrogen, natural gas etc, or a combination thereof. Preferably it comprises the 
gaseous products that result from the combustion of coal. 

The general optical appearance of the slag particles after reduction is very similar to those of 
the oxidised products except that the iron enriched outer rims of the particles are converted to 
ilmenite. Some of the particles can be coated with a thin layer of carbon. Most, but not all of 
the iron is converted to the Fe(n) state and only a very small portion of the titanium is 
converted to the Ti(in) state. 



A typical X-ray diffraction pattern of titania slag that was oxidised and reduced is presented in 
Figure 3. This shows: 
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i) a main rutile peak (r) at a d-spacing of 3.247A and a 29 angle of 27.445*=* for Cu Ka 
radiation; 

ii) a main anatase peak (a) taken at a d-spacing of 3.52A and a 20 angle of 25.279*' for 
Cu Ka radiation; 

iii) a minor ilmenite peak (i), taken at a d-spacing of 2.754A and a 29 angle of 32.483'' 
for Cu Ka radiation; and 

iv) a minor pseudobrookite peak (P) taken at a d-spacing of 3. 483 A to 3. 497 A and a 29 
angle from 25.553° to 25.449° for Cu Ka radiation. 

Leaching of the reduced titanic slag 

After the oxidation and reduction roast the slag is leached in 20 wt% hydrochloric acid at the 
boiling point of the acid at atmospheric pressure or at elevated pressure. The solids are 
contacted with an excess of acid required to dissolve the iron and other impurity oxides. The 
time required for leaching will be dictated by the slag composition and the temperature used 
for the reaction. Optically, the leached residue displays a weathered appearance compared to 
the oxidised as well as reduced products. The effect of leaching is most prominent along the 
outer margins of the slag particles as well as along cracks extending into the individual slag 
particles. 

Table 2 gives the chemical composition of the beneficiated titania slag. This shows that most 
of the impurities have been removed from the slag and that it now confonns to the ideal 
specification of the chloride process. 
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Table 2. The chemical composition of the beneficiated titania slag, in mass percentage 





FeO 


SiOj 


AI2O3 


CaO 


MgO 


MnO 


Cr^Oa 


V205 


94.10 


1.54 


1.84 


0.47 


0.11 


0.55 


0.37 


0.10 


0.33 



Figure 4 gives the X-ray diffraction pattern of titania slag after the oxidation, reduction and 
leach procedures. This shows: 

i) a main mtile peak (r) taken at a d-spacing of 3.247A and a 20 angle of 27.445^ for 
Cu Ka radiation; 

ii) a main anatase peak (a) taken at a d-spacing of 3.52A and a 29 angle of 25.279° for 
Cu Ka radiation; 

iii) a minor pseudobrookite peak (P) taken at a d-spacing of 3, 483 A to 3. 497 A and a 20 
angle from 25.553° to 25.449° for Cu Ka radiation. 

Drying of the leached titania slag 

Following the leach procedure the leach liquor and titania slag are separated in a solid-liquid 
separation procedure before the titania slag is washed and then dried at temperatures between 
100°C and 160°C. This removes most of the volatile by-products that resulted from the 
interaction between the mineral acid and the titania slag. 

After drying the beneficiated titania slag product contains more than 90% Ti02, preferably 
between 93% and 97% Ti02, less than 4% of total iron expressed as FeO and less than 1.2% 
of the alkaline earth impurities MgO and CaO combined. The main phases present in the 
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beneficiated titania slag are rutile and anatase, while physically only the outside rims of the 
particles are porous and the bulk of the particles are dense. 



6. Examples 
Example 1 

Ihnenite from a beach sand deposit was subjected to electro-smelting in a direct current (DC) 
arc plasma fiimace. The composition of the slag produced is presented in Table 3. 

Table 3. Chemical composition of titania slag in mass percentage 



Ti02 


FeO 


SiOj 


AI2O3 


CaO 


MgO 


MnO 


CtjOa 


V2O5 


86.20 


9.18 


1.42 


0.82 


0.33 


1.46 


1.15 


0.14 


0.46 



The slag was broken down by cmshing and screened at +106 ^im-850 ^im. Following this the 
slag was oxidised in a fluidised bed reactor at 850°C for 30 minutes in an oxidising 
atmosphere comprising a mixture of air and carbon dioxide that set the oxygen level at 8%. 
Thereafter it was reduced in the same reactor at 850°C for 20 minutes in a reducing 
atmosphere comprising chemically pure carbon monoxide. The roasted slag was then leached 
in boiling 20% hydrochloric acid at atmospheric pressure for 12 hours. At the conclusion of 
the leach procedure the leach solution was decanted and the solids were washed and dried at 
ISO^'C. The composition of the beneficiated titania slag is given in Table 4. 
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Table 4. Composition of beneficiated titania slag in mass percentage 



TiOj 


FeO 


Si02 


AI2O3 


CaO 


MgO 


MnO 


CrjOa 


V2O5 


94.80 


2.60 


1.22 


0.72 


0.06 


0.73 


0.62 


0.09 


0.73 



Example 2 

The same slag as in Example 1 was broken down by crushing and screened at +106 ^m-850 
^im. Following this the slag was oxidised in a fluidised bed reactor at 950°C for 120 minutes 
in an oxidising atmosphere comprising a mixture of air and carbon dioxide that set the oxygen 
level at 8%. Thereafter it was reduced in the same reactor at 950*^0 for 20 minutes in a 
reducing atmosphere comprising chemically pure carbon monoxide. The roasted slag was 
then leached in boiling 20% hydrochloric acid at atmospheric pressure for 12 hours. At the 
conclusion of the leach procedure the leach solution was decanted and the solids were washed 
and dried at 150°C. The composition of the beneficiated titania slag is given in Table 5. 



Table 5, Composition of beneficiated titania slag in mass percentage 



TiOj 


FeO 




AI2O3 


CaO 


MgO 


MnO 


CrjOa 


V2O5 


92.10 


3.99 


1.26 


0.77 


0.32 


0.96 


0.50 


0.12 


0.43 



Example 3 

Ilmenite fi-om a beach sand deposit was smelted in a DC arc plasma fumace. The 
composition of the slag that was produced is presented in Table 6. 
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Table 6. Chemical composition of titania slag in mass percentage 





FeO 


Si02 


AI2O3 


CaO 


MgO 


MnO 


CrjOa 


V2O5 


69.70 


24.83 


3.50 


0.89 


0.30 


1.88 


1.07 


0.33 


0.47 



The slag was broken down by crushing and screened at +106 fim-850 nm. Following this the 
slag was oxidised in a fluidised bed reactor at SSC'C for 120 minutes in an oxidising 
5 atmosphere comprising a mixture of air and carbon dioxide that set the oxygen level at 12%. 
Thereafter it was reduced in the same reactor at 850°C for 20 minutes in a reducing 
atmosphere comprising chemically pure carbon monoxide. The roasted slag was then leached 
in boiling 20% hydrochloric acid at atmospheric pressure for 12 hours. At the conclusion of 
the leach procedure the leach solution was decanted and the solids were washed and dried at 
10 150^C. The composition of the beneficiated titania slag is given in Table 7. 

Table 7. Composition of beneficiated titania slag in mass percentage 





FeO 


Si02 


AI2O3 


CaO 


MgO 


MnO 


CrjOa 


V2O5 


90.60 


6.35 


2.07 


0.60 


0.18 


0.63 


0.24 


0.16 


0.32 



Example 4 

The same slag as in Example 1 was broken down by crushing and screened at -1-IO6 jim- 
15 850 Jim. Following this the slag was oxidised in a fluidised bed reactor at 750°C for 120 
minutes in an oxidising atmosphere comprising a mixture of air and carbon dioxide that set 
the oxygen level at 4% . Thereafter it was reduced in the same reactor at 750^*0 for 20 
minutes in a reducing atmosphere comprising chemically pure carbon monoxide. The roasted 
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slag was then leached in boiling 20% hydrochloric acid at atmospheric pressure for 12 hours. 
At the conclusion of the leach procedure the leach solution was decanted and the solids were 
washed and dried at 150^C. The composition of the beneficiated titania slag is given in Table 
8. 



5 Table 8. Composition of beneficiated titania slag in mass percentage 



Ti02 


FeO 


Si02 


AI2O3 


CaO 


MgO 


MnO 




ViOs 


91.70 


4.17 


1.31 


0.84 


0.09 


1.05 


0.89 


0.11 


0.46 



Example 5 

This example will illustrate the inertness of as-cast titania slag to the action of mineral acids. 
Titania slag with the composition listed in Table 9 was crushed and sized in the range 
10 +106 ^tm -850 Jim. 

Table 9. Chemical composition of titania slag in mass percentage 





FeO 


SiOj 


AI2O3 


CaO 


MgO 


MnO 




V2O5 


87.7 


10.04 


1.47 


1.16 


0.13 


0.93 


1.57 


0.13 


0.45 



This slag was leached in 20 wt% hydrochloric acid at a temperatiure of 95°C for 4 hours. 
Following this the leach liquor was decanted and the solids were dried. The chemical analysis 
15 of the leach residue is listed in Table 1 0. 



25 



wo 00/06786 




PCT/IB99/01326 



Table 10 Chemical composition of leach residue in mass percentage 



TiOz 


FeO 


Si02 


AI2O3 


CaO 


MgO 


MnO 






88.40 


9.08 


1.26 


1.08 


0.10 


0.98 


1.56 


0.11 


0.44 



Example 6 

Ilmenite from a beach sand deposit was smelted in a DC arc plasma furnace. The composition 
5 of the slag that was produced is presented in Table 1 1 , 

Table 11. Chemical composition of titania slag in mass percentage 





FeO 


SiOj 


AI2O3 


CaO 


MgO 


MnO 


CrzOa 


V2O5 


88.70 


7.92 


1.64 


0.99 


0.31 


1.42 


1.32 


0.15 


0.41 



The slag was broken down by crushing and screened at +106 p,m-850 }xm. Following this the 
slag was oxidised in a fluidised bed reactor at 850°C for 3 hours in an oxidising atmosphere 

10 that resulted from the combustion of coal char in an excess of air. Thereafter it was reduced in 
the same reactor at 800°C for 30 minutes in a reducing atmosphere that resulted from the 
combustion of coal in the absence of excess air. The roasted slag was then leached in a 
pressure vessel at MO^'C in 20 wt% hydrochloric acid for 2 hours. At the conclusion of the 
leach procedure the leach solution was decanted and the solids were washed and dried at 

15 ISO'^C. The composition of the beneficiated titania slag is given in Table 12. 
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Table 12. Composition of beneficiated titania slag in mass percentage 



TiOz 


FeO 




AI2O3 


CaO 


MgO 


MnO 


CrjOa 


V2O5 


94.6 


1.82 


2.03 


0.40 


0.14 


0.40 


0.30 


0.09 


0.29 



It will be appreciated that many variations in detail are possible without thereby departing 
from the scope and spirit of the invention. 
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CLAIMS 

A method of treating titania slag to increase the leachabihty of impurities from the slag 
comprising the steps of 

sizing the titania slag to a particle size from 75 to 850 \im; 

oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700°C and above but below about 950°C for at least 30 minutes allowing the iron present 
in the slag to concentrate at the exposed surfaces of the slag particles, allowing a major 
portion of the iron in the Fe(n) state to convert to the Fe(III) state, and allowing the 
titanium in the Ti(ni) state to be converted to the Ti(IV) state; and 

reducing the oxidised slag in a reducing atmosphere from about TOO^'C to about 950''C for 
at least 5 minutes to convert a major portion of the iron in the Fe(III) state to the Fe(II) 
state and without converting a substantial portion of the titanium in the Ti(IV) state to the 
Ti(m) state. 

A method of treating titania slag to increase the leachabihty of impurities from the slag 
comprising the steps of 

sizing the titania slag to a particle size from 75 to 850 (xm; 

oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700 °C and above but below about 950*^C for at least 30 minutes allowing an anatase 
phase to stabilise in the slag, allowing a major portion of the iron in the Fe(II) state to 
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convert to the Fe(III) state, and allowing the titanium in the Ti(in) state to be converted 
to the Ti(IV) state; and 

reducing the oxidised slag in a reducing atmosphere from about 700*^C to about QSO'^C for 
at least 5 minutes, to convert a major portion of the iron in the Fe(in) state to the Fe(II) 
state and without converting a substantial portion of the titanium in the Ti(IV) state to the 
Ti(III) state. 

The method of either one of claims 1 or 2 wherein the iron present in the slag 
concentrates at the exposed surfaces of the slag, and an anatase phase is allowed to 
stabilise in the slag when the slag is oxidised. 

The method of any one of the preceding claims wherein the oxidation is carried out at a 
temperature from about 750^*0 and above but below about 900'*C. 

The method of claim 4 wherein the oxidation is carried out at a temperature from about 
800**C to about 875**C. 

The method of any one of the preceding claims wherein more than 90% of the iron in the 
Fe(II) state is converted to the Fe(III) state during oxidising of the slag. 
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7. The method of any one of the preceding claims wherein substantially all the iron in the 
Fe(II) state is converted to the Fe(III) state during oxidising of the slag. 

8. A method of beneficiating titania slag to increase the Ti02 content thereof comprising the 
steps of: 

• sizing the titania slag to a particle size from 75 to 850 |im; 

• oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700''C and above but below about 950°C for at least 30 minutes allowing the iron present 
in the slag to concentrate at the exposed surfaces of the slag particles, allowing a major 
portion of the iron in the Fe(II) state to convert to the Fe(ni) state, and allowing the 
titanium in the Ti(I]I) state to be converted to the Ti(rV) state; 

• reducing the oxidised slag in a reducing atmosphere from about 700*^0 to about 950°C for 
at least 5 minutes to convert a major portion of the iron in the Fe(ni) state to the Fe(II) 
state and without converting a substantial portion of the titanimn in the Ti(TV) state to the 
Ti(ni) state; and 

• leaching the reduced slag with acid to obtain a beneficiated slag product with an increased 
Ti02 content and leach liquor containing the leached impurities. 

9. A method of beneficiating titania slag to increase the Ti02 content thereof comprising the 
steps of: 

• sizing the titania slag to a particle size from 75 to 850 ^m; 
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• oxidising the sized slag particles in an oxidising atmosphere at a temperature from about 
700*^0 and above but below about 950°C for at least 30 minutes, allowing an anatase 
phase to stabilise in the slag, allowing a major portion of the iron in the Fe(n) state to 
convert to the Fe(in) state, and allowing the titanium in the Ti(ni) state to be converted 
to the Ti(rV) state; 

• reducing the oxidised slag in a reducing atmosphere from about 700°C to about PSO'^C for 
at least 5 minutes to convert a substantial portion of the iron in the Fe(ni) state to the 
Fe(II) state and without converting a substantial portion of the titanium in the Ti(rV) state 
to the Ti(m) state; and 

• leaching the reduced slag with acid to obtain a beneficiated slag product with an increased 
Ti02 content and leach liquor containing the leached impurities. 

10. The method of either one of claims 8 or 9 wherein the leaching is conducted imder 
pressure in excess of atmospheric pressure. 

11. The method of either one of claims 8 or 9 wherein the leaching is conducted at 
atmospheric pressure. 

12. The method of any one of claims 8 to 11 wherein the acid used in the leaching step is 
heated. 
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13. The method of any one of claims 8 to 12 wherein the acid used in the leaching step 
comprises hydrochloric acid. 

14. The method of any one of claims 8 to 13 which includes a caustic leaching step after the 
acid leaching step. 

15. The method of any one of claims 8 to 14 which includes a step of calcining the treated 
slag. 

16. The method of claim 15 wherein the treated slag is washed and dried to remove volatile 
by products prior to the calcining step. 

17. The method of either one of claims 15 or 16 wherein the calcined slag is subjected to a 
magnetic separation procedure. 

18. The method of any one of claims 8 to 17 wherein the iron present in the slag concentrates 
at the exposed surfaces of the slag, and an anatase phase is allowed to stabilise in the slag 
when the slag is oxidised. 
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19. The method of any one of claims 8 to 18 wherein the oxidation is carried out at a 
temperature from about 750°C and above but below about 900^*0. 



20. The method of claim 19 wherein the oxidation is carried out at a temperature from about 
800^C to about 875°C. 

21. The method of any one of claims 8 to 20 wherein more than 90% of the iron in the Fe(II) 
state is converted to the Fe(ni) state during oxidising of the slag. 

22. The method of any one of claims 8 to 21 wherein substantially all the iron in the Fe(II) 
state is converted to the Fe(m) state during oxidising of the slag. 

23. A product when formed by a method of any one of the preceding claims. 
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